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A6STRACT

Fran the number of crudes of this study, there appears to be a

positive correlation between the total quantity of crude oil hetero atoms (S,

N, Ni, and V) which are precipitated under conditions of ultracentrifugation

and the degree of that particular crudes difficulty of hydroprocessing.

Because uf its powerful ability to separate colloidal material from

suspensions and because of the known colloiaal nature of asphaltenes, the

ultracentrifuge was employed to effect the separation of crude oil

constjhents, and to thus provide information relating to the hydrocracking of

resjds. Asphaltenes vary greatly in their response to hydrocracking with some

beir,g remarkably refractive while others arc readily destroyed. By studying

~.he chemical nature of the asphaltene/colloid f.mtions, a correlation between

this chemical constitution and processability was cxerved, The observation

of Liesegang band-like phenomena is also reported along with chemical analyses

of these bands.
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INTRODUCTION

The existence of collolds in crude oil has been previously confirmed

by experiment~ with the ultracentrifuge (1, 2, 3, 4, 5, 6). The importance

and variety of implementations for such petroleum collo,tds has Seen called

upon for such diverse areas as secondary and tertiary reservoir recovery,

petroleum biogenesis, and resid hydroprocessing. This ~atter area was of

interest because of the colloidal nature of asphaltenes, their solubilizing

agents, and the fact that e(lring high severity hydrocrticking of resids,

asphaltenes precipitate on the catalyst, in r~?actor effluent lines, ald

perhaps most importantly in certain product blends. Asphaltenes differ widely

in the manner in which they respond to hydragen processing, i.e., some are

remarkably refractive whereas others are quite readily destroyed. These

differences are difficldt to relate to asphaltene analytlc~l chemistry

because: (1) the chemistry of asphaltenes is both cc+nplex ambiguous, and

(2) defining such properties as react~vity unO@r pro~es~conciitions is most

djfficult, 6ecause of these problems and the f~ct that other analytical



techniques had not thrown much light 011 the nature of petroleum’s colloidal

constituents ~ se, the ultracentrifuge was employed for the present—

studies. Indeed, the ultracentrifuge has been shown to be a powerful tool for

studying self-association reactions (?) of the type which liktly accompany

fossil fuel asphaltenic systems (8, 9, 10, 11). Furthermore, the O’Grady and

Wygant work (3) had shown in a study of the colloidal systems ~ se from two—

composite crudes, that there were distinct differences upon

ultracentrlfugation, One of the compositions, AR, was chosen because its

vacuum resid was very difficult to process and the second, CY, was chosen

because its vacuum resid ~’as easy to process. From these studies, two

important differences emerged: (1) there was mere total precipitate with Lhe

refractive crude and (2) greater proportions of the crude oil hetero atoms

concentrated in the precipitate from the refractive crude.

Because of these observations, the unique ability of the

ultracentrifuge to study colloidal systems, and the fact that the

ultracentrifuge had in the past been e’.lployed to only a limited exterit, the

present study was performed to provide analytical information which might

relate to the process?.~ility of resios.

In the present study, several crude CIlls were ultracentrlfuged and

detailed analyses were performed on the resulting fractions. The crudes were

selected as shown in Ta51e I to attempt to correlate their hydroprocessa~ility

or surface chemistry interracial phenomena effects with results from the

ultracentrifuge study.
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EXPERIMENTAL

A total of ten domestic and foreign crude oils were chosen for this

study . 7301e I gives descriptions of the crudes and Indicates why each was

chesen for this study. (It should be recognized that each of these Crudes may

be collections of several crudes. Composite streams such as AB anu CY

ac~ually contain several hundred crudes, and even cruaes from one well could

contain 011 frOm several different strata. ) A Spinco Model L-HT

ultracentrifuge with an angle-head preparative rotor was used. Samples were

run for 168 hours at 48,000 rpm (181,000 g’s max.) at 25°C. This time was

selected to insure an equilibrium separation. Two sampling techniques were

used:

1) The best technique was to use a syringe to draw liquid wt of the

UltraCentrifuge tubes ‘.J any discrete !f?vel desired.

2) Another technique was to simply pour off t;,;” supernate and then allow

the precipitate to drain by inverting the tub: at a 45° angle for

15 minutes. A glass rod was placed inside the tube along the wall to

improve drainage.

When tile tubes of most crudes were removed from the ultracentrifuge

there was an obvious darkening toward tne bottom of the tubes as shown in

Flgjuit? 1. The top was light ar,d straw-colored; the bottom was black/brown,

However, some of the heavier, more viscous crudes did not show these distinct

separations. When the product was separated into top, middle, and precipitate

frartions with a syringe, the split between top ana middle was based upon a

distinCt difference in the viscosities of the two layers. The precipitate was
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~lways distinct from the layer above it. The separation technique used for

each sample is included with the product analyses and although somewhat

arbitrary, the separation technique afforded good reproducitiilty on a weight

percent basis for duplicate samples.

Chemical analyses of the fractions resulting from ultracentrifugation

were performed using the following techniques:

1)

2)

3)

4)

5;

6)

7)

8)

Sulfur (ppm, X-ray fluorescence)

Nitrogen (~jehldahl)

Carbon, hjdrogen (combustion)

Oxygen (Schutze-Unterzaucher)

iieptane insnlubles (ASTMD-893)

Nickel/Vanadium (Amperometry, Calorimetry)

Mass spectral type analysis (PSTMD-2786, ASTMD-3239)

High performance liquid chromatography (14)

The ultracentrifugation of resids per se appears to be limitea

because of the long settli~~ times required by high viscosity materials. In

faCt three of the crudes that were used, Mayrip, Jobo, and Cyrus, were oilutea

with virgin naphtha to reauce their viscosity and improve separation, The

poor or incomplete separa~ions indicated for some of

have probably been improved if these crudes had been

CGmplete mass baiances were not obtained in

the other cruaes could

diluted.

this study and for mass

balance purposes all losses were assigned to the lightest fraction due to its

vnJacili+y. The “spontaneous” formation of Liesegang-like bands or ring in

the samples was observed upon standing after removal from the ultracentrifuge,
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Results and Discussion

General

Table 11 provides insite into the

the crudes studied. As may be seen, these

chemical and physical properties of

crudes represent both high and low

sulfur stocks (Arise La Butte, 0.11 wt percent; Winkelman Dome, 4.38 wt

percent) and a wide range of API gravities, (AB, 38.7°; Jobo, 14.1°) and

as such represent certain extremes of crude.

Table 111 presents the relative fractions of material in the top,

middle, and precipitate fractions resulting from ultracentrifugations of the

CrLldeS of this study. (In those cases where the separation was made by

decanting, the overhead material is listed as the middle fraction.) Table IV

shows aralytica.1 results of interest for the precipitate. The amount of

precipitate

about 27 wt

varied from 0.8 wt percent of the crude with Arise La Butt? to

percent with Magrip.

The total weight of tne ultracentrifuge precipitate relative to the

total weight of asphaltene in the crude also varied considerably (Table IV)

with (precipitate wt)/(asphaltene wt.) r~tios ranging from a low value of 0.25

in Jobo to greater

insight leading to

particular crudes.

than 3 in the AB composite. These ratios may provide

further studies into the solubilizing agents of the

Most of the samples that had low (wt of precipitate)/(wt

of asphaltenes) rotins in the crude were hea~’y, viscous crudes that gave

incomplete separations. The top layer showed substantial amounts of material

boiling

(36CJ°F)

but the

above MX30°Feven though it was usually quite clear. The naphtha

was concentrated slightly in the top fraction as would be expected,

middle fractions also contained substantial amounts 01’ naphtha.
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Asphaltenes are generally thought to exist in a colloid structure

(l-6) wherein the asphaltene xnolecule is surrounded and interacts with

%O1eaulef~ roa y c assified as maltenes. To assume that the colloidal structure is the

same in the resid as it is in the crude may not be completely correct.

However, data from this study (below) and in previous work (1) have shown that

a substantial fraction of the non-asphaltene part of the colloid is high

molecular weight material such that light ends probably have a negligible

effect.

Concentration of Hetero Atoms

The quantity ofhetero atoms (S, N, Ni, V) which concentrated in the

precipitates (Table IV) may relate to the difficulty of hydroprocessing,

Precipitates from three crudes, /W, Magrip, and Arise La Butte, contained a

high proportion of the total hetero atoms in the crudes. Two of these crudes,

AS and Magrip, were known to be difficult to hydroprocess (Table I). There is

no information on hydroprocessing the Ansc La Butte. This concentrating

effort may be due to any one or combination of the following: (1) the

colloidal suspensions of these crudes may be relatively unstable, and the

heavier molecules that normally contain the hetero atoms were not held in

suspension as they were with the other crudest (2) for some reason there was a

higher concentration of hetero atoms in the hea~ier molecules of these three

particular crudest or (3) the heavier molecules of these three crudes rilay have

had a more compact structure that increased their density and the amount

precipitated, All three of these possibilities point to the materials being

more difficult to hydroprocess.

Asphaltene Content

Precipitates from /@ and CY crudes were separated into oils, resins,

and asphait.enes by liquld chromatography (Table IV). Contrary to expectations,
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there were fewer asphaltenes and more resins in the AEIprecipitate than in the
..-

CY precipitate. These data were analyzed further as shown in Table V where

the amounts of resins and asphaltenes in the precipitates are Comparsd to

those in the crudes. Proportionately more resins were precipitated from the

AB crude than the CY crude, 24 percent of the total resins for AB vs. 7

percent fcr CY. This may result from: (1) the AB colloids having contained

more resins than the CY colloids, (2) some of the resins in AB were more dense

than those in CY crude, or (3) some of the resins in AB crude ma)’ have been

only held weaKLy in solution. The CY crude contained about i.8 times as many

asphaltenes as the AB crude. Ultracentrifugation brought down the same

proportion of asphaltenes, about 45 percent, in both AB and CY, leaving

slightly over half of the asphaltenes which were not precipitated. This

suggests that: (1) all the asphaltenes may not exist in colloids, (2) not all

the colloids were precipitated b) the ultracentrifuge, (3) asphaltenes may not

all have had the same molecular density, or (4) some of the asphaltenes may

have been held very strongly in solution.

Worth noting is the fact that the results of the current work are not

An total agreement with results reported in the literature (2). Particularly,

for Bachaquero crude oil the quantity of “saturates” was reported as constant

for the top, middle and bottom fractions, This was not the case for all

crudes in the present study.

Sulfur

Since asphaitenes are known to be rich in sulfur, it was somewhat

surprising that thele is not more concentrations of sulfur in the precipitates

(Table IV). In fact, Rocky }’~int, Winkelman Dome, and Jobo actually showed

decreases in the weight percert sulfur in the precipitate relative to the

crude. Additional support of t)lis unexpected result with Jobo was obcainea
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from sulfur analyses of three separate 1000+°F resin and asphaltene

fractions from Jobo resid which showed slightly less sulfur in the asphaltenes

than in the resins.

Additional suppOrt for asphialtene solubilization by non-asphaltene

molecules can be obtained from the sulfur analysis on three different Rocky

Point asphaltene-rich smples. The ultracentrifuge precipitate contained 3.0

percent sulfur; a gel permeation chromatography sample of nominally greater

than 80A size molecules showed 4.4 percent sulfur; and a heptane precipitate

asphaltene showed 6.6 percent sulfur.

Metals: Nickel ana vanadium

As given in Table II, the crudes stuaied represented metal

concentrations ranging from less than 1 ppm to greater than 100 ppm. For most

samples, [he vanadium/r,ickel ratio was greater than 1.0. Interestingly, the

data of Table III show that the V/Ni ratio for many of the samples was larger

in the crude than in the precipitate. This implied i difference in the

sedimentation values of the Ni and V containing molecules as fewer of the

vanadium-containing molecules were precipitated. Differences in the density

of the molecules or more pronounced solvation of vanadium compounds as opposed

to the nickel compounds may explain this. Recent work (10) has shown evidence

of association of vanadyl porphyrins; whether or not this would increase the

molecular density is not clear.

It is interesting to note that Winkelman Dome and Rocky Point, two

crudes studies for their relation to tertiary recovery, had high V/Ni ratio in

their precipitates. By the same token, Arise La Butte, which was studied for

the same reason, yet having diametrically opposed surface chemistry, exhibited

the lowest V/Ni ratio.
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Electron Microscopy

The size of the colloidal particula+es in petroh=um undoubtedly

affects the behavior of a crude during processing. For example, diffusion

into and out of the pores of a catalyst is affected by the size of the

diffusing particles. To explore particle size in the present work, samples

were studied by electron microscopy (EM). An RCA-EMUwas used for the study.

This early model instrument had an effective working resolution of 100fi.

Relative to published EMstudies of asphaltenes (11), the present work was

limited by instrumental resolution. }iowever, rx:tain worthwhile observations

were obtained and are reported here. Only the precipitates were examined, and

two sample preparation methods were used. The first method was to prepare

samples of the precipitate which had been deasphaltened with n-neptane. Th(?

second method was to simply prepare a benzene solution of the precipitate.

In most cases the particles fell into two classes: a background, and

a~ upper layer of particles. Most of the background particles were of a size

from 0.01 to 0.05 microns. Atop this “background” material were particles and

particle clusters. These ranged in size from 2 microns to as large as 13

microns. Diamond-shaped platelets and/or Ries microislands (12) were also

observed on certain of the samples. In CY there existed puckered lamella of

poorly crystallized paraffin wax which had folds or creases at their centers.

The manolayer thickness of the AB precipitate was 15-50~ thick. Certain

objects were thought to be inorganic. Differences in the materials are shown

In the scanning electrons mk~OScOpy photographs of Figures 2 and 3, Figure 2

presents the agglomerated materiai of an AB heptane asphaltene viewed at 200X

and figure 3 presents a 500X Magrip sample which illustrates almost plane-like

cleavsges.
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Mass Spectral Type Analyses of Crude

6ecause UltraCentrifUQatiOn is known to fractionate samples on the

basis of viscosity, density and particle size, it was desirable to determine

ChemiCal types that give the composites observed. Thus, mass spectral type

analyses relative to these fractions are given in Table VI. Observations of

interest are described below:

LOW Paraffin Content -- In the context of this paper, cruc!es with

less than 15 estimated weight percent paraffins are called low paraffin and

may have been biologically altered. Winkelman Dome, Rocky Point, and Jobo are

in this category. Relative to the crude, both Winkelman Dome and Jobo

concentrated paraffins in the top layer to a considerable extent. However,

within the limits of Experimental error there was no such concentration in the

Rocky Point sample. ((he kbo value may be misleading in that naphtha was

addec to the crude to reduce its viscosity for ultracentrlfugathm).

Hiqh Paraffin Content Crude~ -- For the purpose of this discussion,

high paraffin crudes were those with greater than 15 weight percent

paraffins. Again, there was a tendency for the concentrating of paraffins in

the top layer while at the same time depleting the concentration of aromatics

relative to the crude.

Crudes of both high and low paraffin concentration showed a depletlon

of thiopheno type compounds in the top ultracentrlfuge fraction relative to

the total cruae. Of those samples where more than one layer was studied, the

thlopheno compounds increased (@rig down the tube, and t:lere was also a trend

for the weight percent of the total crude which existed as

compwnds to increase.

For Winkelman Dome, Jobo, Rocky Point, Cyrus, and

weight percent of benzothiophenes was greater than that of

sulfur in thiopheno

Sholom Alechem the

d~benzoth~aphenes
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in those fractions studied. For Magrip, Oarius and CY the C)ppOSite was true,

i.e., the dibenzothiophenes wer~ present in a higher concentration.

AS would be expected, the weight percent of the total crude existing

as sulfur in thiopheno compounds increased with increasing density of the

fractions of a given crude. Moreover, although exceptions existed, an

increase in the weig~.t percent of the total crude existlnq as sulfur in

thiopheno compounds occurred as the density of the totai crude increaseai

Since the importance of benzothiophenes and dibenzothiophenes has been pointed

out previously (13), this “density/weight percent sulfur as thiopheno type

compounds relationship” may be useful in ~priori judgments on processing.

As with the paraffins, the noncondensed cycloparaffin concentration

in the topmost layer was greater than in bulk crude. On a paraffin-free

basis, the total cycloparaffin concentration in the top layer generally

exceeded that in the whole cruds.

Band Formation Aftex Utracentrifuqation—.

An unusual phenomenon was observed for many of the samples, As a

sample was removed from the ultracentrifuge head its color ver!ed in n

continuum from light at the tube top to deep brown or black at the bottom as

shown in Figure 1. However, if the tube were

or was warmed to about 50°C (122°F) there was

within the tube such that discrete bands were

bands is shown for the AB and CY in Figures 4

allowed to stand a few minutes

a coalescing of material

formed. This “growing in” of

and 5 when viewed with Mack

light and natural light respectively, The bands increased in number and

became narrower over a few hours, @on allowing to stand for a longer time,

however, these bands completely dispersed and the sample reverted to its

original state.
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One explanation of this phenomenon, as suggested by

Dr. H.E. Rles, Jr., of the Amoco Oil Company staff, is by way of a mechanism

which is akin to the formation of so-called Liesegang bands (15). In this

situation, diffusion, equilibrium product and electrostatic considerations

would have been involved in the observed precipitation or flocculation. Yet

another possibility was the precipitation or coalescing of certain paraffin

waxes due to their non-volubility. Rather than trying to present a detailca

explanation of exactly what happened in this experiment, the results are

presented here for their own sake. Possibly more detailed interpretations can

be developed at a later time.

A sample of the refractory L@crude was ultracentrifuged, and 10

bands that formed were separated. CertaincF these bands were analyzed by GPC

(14, 16) and by mass spectral type analysis. These results are shown in Table

VII. From the GPC data, it is particularly interesting that even the lightest

band contained a high proportion of molecules whose effective hydrodynamic

volume would impede ready diffusion into typical Co/Mo alumina pores,

The mass sDectral compositions of the various banas are given jn

Table VIII, The top layer is labled A&l. As might have been expected, in

the mass spectral type analyses there was an increase in the amount Gf sulfur

(as shown in the sulfur index) with increasing average moleculhl weight of the

band. Thiopheno compounds, per se, did not appear until Band 5, although the

least dense thlophenlc ccmpound, thlophene, had a density of 1.06g/cm3.

Under these equilibrium conditions, all thiopheno compuunds should have

concentrated in the precipitate if only density considerations were involved.

One must conclude that, not only density, but also solvatlon and association

phenomena played an lnportent role here in keeping the thiopheno compounds in

solution.
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Unlike the monocyclic paraffins whose concentration decreased towards

the tube bottom, the mOnOcyclic aromatics showed a slight increase toward the

bottom of the tJbe. Likewise, the dicycloaromatic concentration increased

toward the tube bottom whereas the dicycloparaffins showed a peak at Band 3

and decreased thereafter.
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CONCLUSIOIW

1. There were substantial differences In the amounts and

c~osltions of the precipitates obtained from various crudes by

ultracentrifugation.

2. In samples where equilibrium separations were obtained, the

amount of precipitate was generally two-four times the amount of asphaltenes

in the cruae. This additional material was found to be primarily resins with

some 011s.

3. Not all the asphaltcnes were precipitate during conditions of

equilibrium ultracentrifugation at 181,000 g’s.

4. The same percent (45) of the total crude oil asphaltenes were

precipitated from LIBand CY Crudes. However, mere of the total crude OIL

resins were precipitated from r+Bcrude than from CY crude, 24 percent vs. 7

percent.

5. The amount of the total crude oil hetero atoms (S, N, Ni ancJ V)

concentrated In the precipitates seemed to correlate inversely with ease of

hydroprocessing. Twocrudest A and Magrip, whose resids are known to be

difficult to hydroprocess, had high values of the total crude oil hetero atoms

which were precipitated.

6. Differences were noted M the nickel- and vanadium-containing

compounds as a greater fraction of the total nickel-containing compounds were

precipitated.

7. An unusual phenomenon of band form~t~on was observed in samples

when they were removed fran the ultracentrlfuge.

0. There was enough interaction of resin/maltene/asphaltene systems

that compLete separation of these classes did not occur. This is in agreement

with the work of Bunger, Cogswell, und Zllm (17) who reported overlapping
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mltene/asphaltene chemical and physical functionalities and with others who

have contributed to our knowledge of asphaltenes while at the same time

pointing out the complex nature of these species (18, 19).
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Table I

Crude

AB

CY

Darius

Magrip

Cyrus

Jobo (Morichal)*

Arise La Butte (ALE)

Rocky Point

Winkelman Dome

Sholom Alechem

CRUDEOIL

Composite stream
The vacuum resia

Composite stream
The vacuum resid

An Iranian crude

DESCRIPTIONS

Description

of sweet crude processed at whiting.
is very difficult to hydromocess.

of sour crude processed at Whiting.
is relatively easy to hydroprocess.

typical of several high-sulfur, low
asphaltene cruaes.

A Turkish crude obtained from Hydrocarbon Research
Institute who reported difficulties in hydroprocessing
the resid in their H-Oil unit.

A heavy, viscous, high-sulfur Iranian crude. Extensive
resid hydroprocessing work has been carried out on this
resid.

A heavy, asphaltic Venezuelan crude.

Louisiana crude. Low sulfur. Low Nitrogen. Of
interest fo: tertiary recovery.

Wyoming crude from reservoir believes to be oil wet.
C@itc Viscous.

Wyoming crude from water wet reservoir. Quite viscous.

Oklahoma crude. MediUm low viscdty.

@ ml s crude is actually from Phillips Petroleum’s Murlchal field that is
loceted near, and is similar to, Amoco’s Jobo field.
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3.2

.—

16.7

3.7
73.2
36.5

47.8
3a.1

5.8

.

*

IWse La
8utte

0.11
0.03

12.84
86.30

0.41
99.69

1.79

0.94
O.no
(J. CMI

---

35.6

24
33.2

4.0

45.5
6.1
0.0

%

Cyrus

4.24
0.32

lU.97
84.46

cl. 56
ml 55

l.%

1%
2.3

---

18.8

8.1
73.5
45.1

33.8
34.0
U.3

l%%

Jobo (Moricbl)

2.00
0.43

10.89
85.14

1.08
99.54

1.54

1%
1.7

14.1

1.6
75.6
39.5

41.3
34.6

7.7

16- &

Im-3J

T@ loss mportecl here is material boill~ belou -t ~.



Table III

-ltd. wt. %
Tql
Mmle
precipitate
Recovery

WEIQ+T FERCENT OF EJUIE IN TOP, MOCLE, Ul f?WCIP!TflTE

shohm Rocky
m CY

)Vse l-a
Ateciw?!a ~@ t%int liutte

6 7 4 5 6 2

s s s s s .s

69.8 57-4 61.0 43.2 59.4
26-5 39.1 35.4 30.0 95.1 39.8

3.7 3.5 3.6 26.8 4-9 0.8
~.6 5U.6 96.6 93.6 93.9 95.2

1 Oilut.d with HE-62, mitifq m. 2 Ultrafur=er feeO; 21.1 g. crude . 6.0 g. FRE-62.
2 ol~m WIUI FRE+2, ~itirq NO. z ultraformer Feed; 50 cc C- + 19 CC, FRE+2, S7.6° ~.
3 rm-lizecl ~ assic@ng all losses to the t~ layer.
4 ~leo titi fractim is actually t T. plus ●ioole fractim.

~. ~ 32.1
60.0 %.64 66.2

1.9 3.4 1.7
91.9 87.9 94.1



Table IV

lLIWWEW’fUFLKEP’ECIPI TATEWUVSES

sle mr
Separation HstJmd
Qx3iity of Sepiaratim

Precipitate

Elmtdl @@S
sntx

:
Total (C,WUS)
WC ( AtaiCJ

ks?t.als, p
Ni
v
Vmi
@3

% Mtrrnpn in
%ec@fi Ititrogen
in ~

%Sulfur in Presipfi
sulfur in CruE

Cmcmtratilm of Crlde
Oil Fetao Atas

% of Total in crude
s
N

Mi
v

Pei$t of Precip/ut
of K@-Qltenes In
c.-

P9

16
s

:G

1.69
0.70
0.99

:01.46
1.<2

77
137

1.7b

6.7

3.8

13.9
Z.4
42.5
52.8

3.7

CY

27
0s
Gz

4.67
0.63
1.31

99.61
1.34

?3
161

2.2

3.7

2.1

7.6
13.1
16.8
M. 5

2.1

-1.

L: -em

49
Ss
11

2.37
0.00
1.96

101.46
1.57

155
141

0.9

2.2

1.7

7.6
13.1

2.0

uagricl

5 10
Ss
CG

6:21
0.59
0.85

100.34
1.27

145
Zm

1.38

2.3

1.8

60.2
77.5
83.4
m. 2

2.6

Mcky
Feint

16
Ss
Ii

2.9Q
0.42

16.71
106.21

1.69

47
52

A.1
al

1.4

0.8

3.3

2.4
6.5

0.65

Aw? La
fhtte

2 7
s s
G G

0.65
0.13
1.77

101.53
1.45

61
u.~

0.01
1.3

4.3

5.9

67.2
xl
26.6

-2

3
s
I

1.37
0.77
2.72

101. m
1.48

124
86

0.69
14

1.8

c. 7

1.7
4.4
1.5
3.8

0.25

m

:

G

1.40
0.56
1,66

m). Y2
1.44

64
.(79

2.8
1.3

5.3

3.1

10.6
17.9
50.9
40.3

3.4

Winkelman
DJllle

10
s; o

I I

3.72’
(-Jcl
0.92

9Y.ul
1.54

26
ao

3.oe
5

1.!

0.8

1.4
1.9
1.3
1.6

0.74

CY

9
D
G

3.28
(zoo
2.46

Ml. ,30
1.48

103
124

!..2
;.:

3.5

1.5

.

1.5

“Qoaratim neUma: S . 5yrimge, 0 . cmantea

Waiitt of 5smaratim: c . Goat ‘-ration, TqJ Layer clear; 1 . lmxudete Preparation, Top Layer Still Oark.

1 fJllutf?Owith WE-Q, *ltlng S2 UltratOm?r Fees; 21.1 g cru3e + 6.0 g FRE-62.
2 Oilu@O with FRE=2, mltl~ #2 Ultraformer Fe@; Xl CC CrU@ + 19 CC FRE-62, 57.6°WI .
3 May oe present as a water sohde sdls.

PnxiPitate -C OilS, Resins, and As@ultenes: m 17.2, 73.3, Y. 5
r“ ?) Q h7 1 w 11



Table V

CRUOEOIL AN@PRECIPITATEASPH.ALTENE
ANDRESIN CONTENTS

ASF!iA1.TENES
Crude Oil

Lir’:j Chromatography, wt% 1.1 2.0

~nq Insoluble, Wt% 1.0 1.7

Prec., ~dke
Liquid Chromatography, wt% 0.5 0.9
(based on crude oil = 100%)

Precipitate/Crude (Liq. Chrom.) 0.45 0.45

RESINS
Crude Oil

Liquid Chromatography, wt% 14.3 21.4

Precipitate
Liquid Chromatography, wt% 3.4 1.5

Precipitate/Crude 0.24 0.07

-20-

cY/AB

1.8

1.7

1.8

1.5

0.4



v

m (Sept.’68)
cl-1.dE
TCP

MISe la mtte

TOP
MMJle

m (Oec. ’68)

TqI

TOP

Darius

T(XJ
Middle

TCJP

-4J

Top
MhMle

Rlxky Wnt

Tqrl

ST’W31m Alechem
crlE2
Trp
b ~ddle

W-lam Ome

lq
aottm

a

s
a
M

3
1%

85.1
85.7

82.5
&.o
80.7

74.6
76.8

64.7
74.7

75.4
79.3
71.3

64.8
74.5

72.3
82.9
74.5

67.8
65.1

75.4
75.0
73.0

53.6
%.0
47.8

Table VI

MEiS SFWTTUL TYFEfwtYSES OF U-TRACENTRIFED
fW) FRMTICMSFR@flLTJUUEtJTRIFlXA71@J

w

5
&

:

42.4
42.2

33.9
34.6
29.6

35.7
35.6

26.3
37.2

49.3
53.5
45.5

1;::

4(L 3
48.0
39.4

12.5
12.7

26.0
26.4
24.3

3.8
6.3
9.5

2
Q-4
U%

:;

g’

R
27.2
28.4

25.3
25.9
25.2

24.2
26.3

20.2
24.3

13.3
13.9
12.6

21.7
25.4

14.6
22.1
21.3

31.2
29.5

X).3
28.2
28.0

24.9
25.5
18.2

U)

3
u
.8

!5
z

11.1
14.3

17.5
16.0
19.3

25.4
23.2

35.3
25.3

24.6
20.7
28.7

35.2
25.5

27.7
17.1
25.1

32.2
34.9

24.6
25.0
27.0

46.4
44.0
52.2

0

2
2
g
c

;

1.7
1.6

3.2
3.0
3.4

4.0
1.7

3.1
1.3

1.1
0.0
0.7

3.1
2.1

1.3
0.0
0.0

2.7
2.5

2.6
2.4
2.9

4.0
3.3
2.5

I!j
2
0

$
l?!

0.5
0.8

0.7
0.5
0.8

1.1
0.7

1.9
0.9

1.0
0.8
1.5

2.2
1.6

1.2
(). 7

1.3

1.5
1.6

0.8
1.1
1.2

1.9
2.0
2.1

CRulEs

-!
rj

2
e

o
c

E
a
o

2+

3.1
‘3.0

0.0
0.0
0.2

2.6
2.1

5.6
3.1

3.9
3.8
6.1

2.6
(j.9

R
5. 0

5.6
6.0

1.4
1.3
1.6

7.6

6.7
8.6

m
g

Em
.!5
5
0
w
c
%
-4
0

0.0
0.0

0.0
0.0
P.;

1.5
1.0

2.3
1.6

2.3
2.5
3.6

0.9
O.&

2.6
1.4
2.8

2.3
2.4

0.5
0.4
9.4

2.9
2.5
3.5

294
251

382
2&5
303

385
374

320
303
310

359
354

Ucul

~:?

33

.2>

$

~
du

& %
OUIC

*.X5

#xc
=w~

0.02
o.m

0.00
0.01
0.02

0.26
0.21

0.5
0.32

0.42
CJ.41
0.61

0.20
0.12

0.45
0.28
0.53

0.47
0.52

0.18
0.14
0.16

C.67
0.60
0.78

.
I

.



Table VII

Band
Number

(ToP)

2
4
6
8

10

(Bottom)

GEL PERMEATIONANALYSESOF BRNDSWHICHFORMED
FOLLOWINGULTRACENTRIFUGATIONOF AB CRUDE

Apparent Apparent
Weight Number Primary Secondary
Average Average Peak Peak

Hydrodynamic Hydrodynamic Maximum Maximum
Diameter (A) Diameter (A) (A) (A)

39 26 26 none
40 26 30 16
41 26 30 16
50 28 43
93 34 52 t?278 )

Cumulative
Weigth Percent

At Maximum

47.56
55.79
55.11
49.52
58.17

(1) Typical peak maximum cn asphaltenes.

-22-



Table VIII

l%raffhs

P&cmdmsed Cycloparaffin
Total Arcmatics
eenzenes

Na@halefles

Pyrenes

Benzothiophenes

Dibenzothic@enes

Average Uolecuiar Weight
Sulfur Index

MASSSFECTRALTW+ PNALY5ES(X BAtQSD13SERWD
IN IATRACENIRIFICESTUDIES

Estimated Weight Percent
IT ) (Bottom)
Ao? m-2 W-3 AB-4 M-5 AB-6 AO-7 PE-8—— ——

45.1 41.1 37.3 30.4 36.3 38.1 30.7 28.7

28.0 27.5 26.0 27.0 26.7 26.6 23.7 24.1
12.5 14.9 17.6 17.2 19.0 19.2 26.0 27.4
6.1 6.7 6.0 7.0 7.4 8.5 1.6 6.5

1.3 1.7 2.2 1.9 2.2 2.1 3.4 3.8

0.3 0.4 0.6 0.5 0.6 0.6 1.1 1.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2

O.(J O.11 0.0 0.0 0.0 O.D 0.2 0.3

251 217 281 244 2% 265 269 303
19U 1% 191 214 239 299 317 457
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Figure Captions

Figure 1. Photograph illustrating crude oil continuum
immediately following removal from ult.racentrifuge.

Figure 2. ~rude oil AB heptane asphalterl~c material as

viewed at 200X with scanning electron microscope.

Figure 3. Magrip high molecular weight material as viewed
at 500X with scanning electron microscope.

Figure 4. Examples of discrete band formation in AB and
CY crudes as \wiewed with “black light” upon standing
after removal from the ultracentrifuge.

Figure 5. Examples of discrete band formation in AB and
CY crudes viewed with incandescent white light upon
standing after removal from ultracentrifuge.
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